THERE is considerable discrepancy between the pathology of cerebral injury as described in most textbooks and monographs, and that of spinal injury, so fully examined during the War by Gordon Holmes, Roussy and Lhermitte and others. The lesions in the injured brain appear to be predominantly vascular. In injuries of the cord also capillary haemorrhages in the grey matter and very occasionally true haematomyelia may be found, but the most constant lesions and those to which the symptoms appear to be due, are in the nerve-fibres. These lesions usually extend up and down the cord for some distance from the level of greatest injury. For example, in the not uncommon momentary dislocation of the cervical spine associated with rupture of an intervertebral disc, changes in the white matter can be found in fatal cases several segments above and below that corresponding to the vertebral lesion. Further, there is clinical evidence in many such cases that the level of the lesion in the cord may rise several segments, or that the degree of paraplegia may increase and on post-mortem examination this is found to be associated, not with haemorrhage, but with a spread of cedema within the cord.
haemorrhage, but with a spread of cedema within the cord.
The pathology of spinal contusion is limited and easily elucidated. The lesions appear to result directly from stretching or sudden acute bending of, or pressure on, the nerve-fibres, that is to a mechanical or physical process. The theory that they are caused by a momentary ischaemia due to compression of blood-vessels will not stand experimental testing. Further, their relationship to symptoms is not difficult to trace. They therefore give us a simplified instance of the effects of sudden deformations on nervous tissue. These observations on spinal concussion naturally raise the question whether similar lesions of nerve-fibres occur in severe concussion of the brain; and if they do so what part they play in the production of symptoms both in the early and the late stages. But most articles dealing with the pathology of cerebral injury say nothing about such lesions. On the other hand they focus attention almost entirely on the vascular changes, especially capillary or larger haemorrhages and dilatation of vessels. Neuroglial scarring is only mentioned in relation to the more severe lacerations of the brain, and little or no mention is made of lesions of the white matter. There are two alternative explanations of this discrepancy. Either the physical conditions within the skull are so different from those within the spinal cord that the effects of deformations on the enclosed nervous tissue are quite dissimilar, or there has been, if not an error, at least a defect of observation. In favour of the latter possibility is the size of the brain, and the difficulty of determining in most cases which parts have been most injured. And the much greater frequency of haemorrhage after cerebral injury not only distracts attention from the finer effects, but makes them more difficult to find and to assess.
Undoubtedly also there are great differences in the physical conditions associated with sudden cranial and spinal deformations, both as regards the bones, the bloodvessels and meninges and the nervous tissue involved, and to these the more obvious differences in the pathology of cerebral and spinal lesions are no doubt due. The question is, however, still open to what extent direct mechanical effects on the nerve-cells and the sudden stretching, bending, or compression, of nerve-fibres is the basis of the symptoms of concussion of the brain.
This question, of course, is not a new one. It is in fact the basis of the old theory that the symptoms of concussion or commotion of the brain were due to a molecular disturbance in the nerve cell and fibre. Obersteiner, as long ago as 1900, considered that it was possible to substitute for the term molecular disturbance well-defined degenerative pictures. Recent work, while doing much to confirm this view, has also discredited certain of the observations on which it was founded.
PATHOLOGICAL ANATOMY OF THE INJURED BRAIN
The gross appearances of the brain of a patient dying soon after a severe injury to the head are so well known as scarcely to call for description. Bruising of the cortex, especially where the convolutions come to the surface, and wedge-shaped areas sometimes passing from these cortical bruises into the white matter are seen most often both directly under the area of the skull which received the blow and on the opposite surface in the area of contrecoup. Most often the undersurface of the frontal lobes, and the temporal and occipital poles, are bruised in this manner. Spreading from these areas there is a variable amount of subarachnoid bleeding and of FIG. 1.-Transverse section of pons from a case of head injury with fracture of the skull, dying less than thirty minutes after the accident. (Pickworth's method for blood.) Showing multiple small ha-,morrhages along the line of the median raphe. haomorrhage into the white matter. In addition small haomorrbagic areas may be seen more diffusely in the white matter of the brain under the walls of the ventricles and in the pons or elsewhere in the brain-stem ( fig. 1 ). They are perhaps more common round the aqueduct of Sylvius than elsewhere, but quite often lie more deeply in the tegmentum. As is well known, the contrecoup haomorrhage may be much more severe than that under the part of the skull which received the blow.
I have seen, for example, a gross frontal haemorrhage as the chief, if not the only, cerebral lesion in a man who fell in a fit on the back of his head and cracked the occipital bone in the sagittal plane. But sometimes the damage caused by contrecoup is much less than that at the site of injury. This is usually the case when the blow is caused by an implement with a small surface, which pierces or shatters the skull locally.
There are, in addition, cases in which no gross ha,emorrhage can be seen in the brain, which looks macroscopically normal. These cases present the greatest difficulty to the pathologist, and raise again the question whether the distinction between concussion and contusion of the brain is not too artificial to be retained. Contusion suggests, if it does not actually postulate, haemorrhagic bruising of some part of the brain, a condition w%Ahich can be easily seen at the timie in fatal cases, and the results of which persist and are evident enough many years after the accident. But these cortical bruises have no very close bearing either on the symptomatology or the severity of the case, although they are most common when the injury has been severe.
As used at the present time the terms " concussion " and " contusion " are purelv clinical terms, indicating varying degrees of severity of symptoms, and in the present state of our knowledge of the pathology of brain injury, should surely be replaced by terms which do not suggest a difference in pathological effects. I do not intend to say anything about extradural or subdural haemorrhage except that subdural haematomas may be associated with hoemorrhages into the white matter near the vertex of the brain. In one case, which came under my observation recently, the freshness of the blood in this intracerebral haemorrhage suggested that it did not occur at the time of the injury but was related in some way to the operation for removal of the clot.
(Edema. Many surgeons refer to the brain, as seen during decompressive operations, as pale and swollen. This suggests an cedema of the brain, and Freeman has described this as being either local or general. I believe that local cedema is common, but I have not found much evidence for general cedema of the brain. No doubt our inethods for assessing this condition are inadequate, and it can well be imagined that a degree of general oedema which was too slight to produce any histological evidence of its presence might cause death from increased intracranial pressure. Against this assumption is the fact that apart from gross haemorrhage the increase of intracranial pressure which follows even fairly severe cerebral injury is not great. Ritchie Russell found abnormal increase of cerebrospinal fluid pressure (above 200 mm.) only 30 times out of 49 lumbar punctures, and on only nine occasions was the pressure above 300 mm., and he noted that the pressure bore little relation to the degree of coma. This has recently been confirmed by Zierold, who did not find increase of intracranial pressure a common cause of death or of prolonged unconsciousness in his cases. We shall, therefore, be wise to withhold judgment as to whether general brain swelling mav follow cerebral injurv.
In cases in which the patients survive the injury and die months or years later, the most characteristic evidence of the head injury consists in the presence of cortical defects, affecting only the summits of the convolutions, and associated with a certain degree of demyelination and neuroglial scarring in the underlying white matter (Neuburger and v. Braunmuhl) . They are most often seen on the tips of the occipital or temporal lobes, or on the undersurface of the frontal lobes, and may be of quite small size (figs. 2 and 3).
The presence of old blood pigment in the margins of the defect and in the overlying meninges indicates that they result from the absorption of bruised areas of cortex. In most cases the cortex on the edge of the crater is perfectly healthy, but sometimes calcified " nerve-cells may be seen there.
The question of traumatic cy8ts in the white matter is still undecided. I have seen several cysts lined with a layer of vascular granulation tissue which appear, from the history, to be related to a cerebral injury, and they might well be the sequele of a haemorrhage into the white matter, such as is commonly seen in recent cases.
Where the skull has been fractured there is more extensive loss of cortical tissue and of the white matter underlying it. In addition there may be much more extensive demyelination and gliosis than the cortical loss would warrant. This gliosis, surrounding an injured area of brain for some distance, was pointed out by Ritchie Russell, but he did not, I think, arrive at its true explanation. A few years ago Dr. Milton L. Miller and I had the opportunity of examining the brains from two cases of severe injury to the frontal region, associated with fracture of the bone. In both cases unconsciousness had been prolonged for several days. One patient died in a fit seventeen years after a bullet wound of the forehead; the other died five years after a motor-cycle collision from pneumococcal meningitis supervening on cerebrospinal rhinorrhcea. We were struck in both these cases by the extreme demyelination which was found in both frontal lobes, not only on the side which was directly damaged. This demyelination resembled that seen in Schilder's disease in sparing the subcortical U fibres, but was not nearly so obvious to the naked eye as that of Schilder's disease. It consisted in a general thinning of the myelin sheaths rather than a complete loss in most areas. As a rule areas of the brain which were directly bruised were completely demyelinated, but in less severe degrees the individual myelin sheaths were thin and beaded and stained poorly with heematoxylin. The associated gliosis took the form of a diffuse feltwork in which, in the more recent case, the neuroglial astrocytes were still greatly swollen.
Later observations have indicated that this type of demyelination occurs whenever there is severe cedema of the brain. It is seen, for example, in the cedema round cerebral tumours and hwemorrhages. And it seems likely that the demyelination which we found under the injured area ofthe skull was, at least to a large extent, caused by cedema.
I agree with Stevenson that it is logical to find in this demyelination and loss of tissue, rather than in the associated gliosis, the explanation for the wandering of the ventricles to the side of the lesion which has been shown by Foerster and Penfield and others to follow severe injuries to the brain, especially in cases with fracture of the skull. Obviously the loss of myelin will result in the course of years in shrinkage of that part of the brain, a *hrinkage which has to be compensated for either by accumulation of fluid over the cortex or by local enlargement of the ventricle. Actually appearances indicating either or both of these may be seen in encephalograms. No doubt the contraction of the neuroglial scar aids this shrinkage but it is not, I think, the primary factor.
Seeing that demyelination in the brain is not, so far as we know, repaired, a poverty of myelin of this kind, when found in localized areas, may well indicate the sites of the cedema which follows head injury. Two cases of old head injury illustrate this point.
Case I. A man aged 55 died of amyotrophic lateral sclerosis. At the post-mortem examination I noticed small areas of decortication over both occipital poles, especially the right. On reading the history of the case we found a note that the patient had been knocked down by an ambulance about nine years before, and sustained a fracture of the skull. He was unconscious for three hours and was off work for six months. He had had no sequele and there did not seem to be any relationship between this injury and the disease of which he died. In this case Weigert-Pal sections of the brain show areas of pallor round the anterior horn of the right ventricle and to a less extent, ronnd the anterior horn on the left side.
Case II.-A woman aged 44 who came into hospital with symptoms of sciatica died of bronchopneumonia. She had been knocked down in the street eleven years before, sustaining a fracture of the skull. She was said to have known nothing for a week and to have suffered from headaches for some months after the accident, but as she was of a hysterical disposition these statements may be to some extent discounted. She had not suffered from fits or from any other disability which could be attributed to the accident.
At the post-mortem examination an area of superficial loss of cortical tissue was found over the outer surface of the right temporal lobe (fig. 2 ). Further examination of the brain showed an area of poorly myelinated tissue of similar character to that seen in Case I round the outer surface of the anterior horn of the right lateral ventricle.
These cases suggest that the area round the anterior horn of the lateral ventricle is particularly susceptible to damage or reactionary cedema in injuries affecting primarily more posterior parts of the brain.
Histology of brain injury.-The finer changes in the brain have been studied by a number of authors both under experimental conditions and in human cases. The work of Rand and Courville is perhaps the most important owing to the large number of cases examined and to the careful technique employed. They found changes in all the elements of the nervous tissue in the most damaged areas. The axis cylinders in the neighbourhood of the injury were ruptured or injured in such a way that they underwent what Cajal called "preservation necrosis". The microglia reacted to the injury within a very few hours but did not form fat granule cells till about three days after the injury. The oligodendroglial cells underwent acute swelling and later some proliferation. The astrocytes, if they were not damaged by the wound, reacted by swelling of the cell-body with a less or greater degree of fibre formation. These observations for the most part agree with those of other authors. Rand and Courville's observations on the nerve-fibres, however, are new, and are of special importance as indicating that these are directly affected by the mechanical injury.
Many authors have described alterations in the nerve-cells in the damaged areas of the brain. According to most they may be shrunken or swollen, and tend to stain darkly (Marburg, 1936) . The nucleus also stains darkly and is often eccentric. These changes often resemble those found in cortical ischaemia, but that does not mean th'at they are necessarily due to ischaemia, and the presence of similar changes in the anterior horn-cells of the spinal cord in cases of spinal concussion seems to be against this suggestion. In bruised areas the nerve-cells show various stages of necrosis.
Sometimes they absorb blood pigment, even at some little distance from a haemorrhage, although this may be a post-mortem phenomenon. Some authors, notably Rosenhagen (1930) , have described " areas of paling " in the cortex, and consider it possible that the symptoms of post-traumatic dementia may be due to this change. The evidence that these areas may result from cerebral injury is, however, very ambiguous. In Rosenhagen's case the injury was not severe, and the authors say nothing about the blood-pressure or the condition of the arteries and kidneys. Rand and Courville (1936) in their studies, observed " areas of cell loss " chiefly in close relation to cortical haemorrhages or infarctions, in the most damaged areas of cortex. Only in one case out of 18 in which the whole brain was examined did they find the " areas of paling " to be widespread in the cortex. In this case, that of a woman aged 58, who died six and a quarter hours after being struck by a motor car, they were confined to the right side of the brain, which was said to be otherwise normal. The short time between the injury and death, as well as the age of this patient, make it less likely that these areas of paling were caused by the accident than that they had been present before.
In a case reported by Winkleman and Eckel in which these areas were present, they state that there was endarteritis of the small vessels to which they might have been due, although they were inclined to attribute them to cedema. The evidence so far available therefore does not give much support for the relation of these areas to injury. If they may occur six and a quarter hours after injury we should expect to find them in almost every case in which the injury was at all severe, whereas they are comparatively rare findings. It must also be remembered that the previous medical history is rarely obtainable in cases of fatal cerebral injury so that the presence of hyperpiesis or renal disease might not be known.
The histological changes in the vessels and the haemorrhages and ischaemic softenings to which they give rise have been thoroughly studied by many writers whose observations agree within fairly close limits. In addition to haemorrhages which obviously result from the tearing of smaller or larger blood-vessels, all emphasize the frequent presence of ring hwmorrhages similar to those seen in poisoning by coal gas, arsenicals, or other poisons. The generally accepted explanation of these ring haemorrhages is that they are caused by blockage of a small vessel with haemorrhagic infarction around a small necrotic area. The diapedesis of red cells is therefore an indirect result of ischsemic change in the tissues. Their occurrence in cases of poisoning by coal gas and other poisons has been attributed to a reaction on the part of the endothelium of the small vessels of sufficient intensity to lead to blockage or thrombosis. Such a reaction may be found in cases of head injury in relation to the most affected areas. I have found it, for example, on the margin of the bruised areas of cortex in a patient who died forty-eight hours after head injury.
Another unexpected finding which is commented on by many writers is the occurrence of fat embolism of the cortical vessels. This results in diffuse infarctions 48 7 Section of Neurology 49 or wedge-shaped softenings of the cortex and subcortical white matter which differ from the results of direct contusion in affecting the cortex in the depths of the sulci as well as that on the surface of the convolution. Fat embolism seems to be most frequent in motor-car accidents in which there is also fracture of ribs or long bones and may cause death with cerebral symptoms in patients who have had no direct injury to the head, or only slight concussion.
As to the later changes in the vessels associated with late traumatic hoemorrhage there is less evidence. Rosenhagen cites a case of late haemorrhage in which he found hyaline degeneration of the walls of the vessels in the neighbourhood of the haemorrhage. It has recently been suggested by Kahlau that aneurysms on the circle of Willis may be caused, in predisposed subjects, by head injuries, but they occur so commonly in patients who give no history of head injury that the relations of cause and effect must be examined with more than usual care before we accept this view. No doubt the bodily effort often associated with an accident, and the sudden changes of intracranial and intravascular pressure which it mav cause may lead to rupture of an aneurysm which is already present. On the other hand the accident may be caused by the aneurysins. For example a bicycling accident may be caused by the leakage of an aneurysm, or a workman may fall from a height owing to sudden giddiness or unconsciousness. In such cases, when there is gross haemorrhage into or round the brain, it is easy to attribute it to the accident and to miss the sinall aneurvsm from which it comes.
Histological study therefore adds to the gross appearances of bruising and haemorrhages, changes in the nerve cells and fibres and in the walls of the vessels, and evidence of cedema. But these changes are all local, chiefly confined to the vicinity of the blow or the area of contrecoup. Histology gives no evidence of widespread damage to nerve-cells. As we have seen, there is reason to doubt the relationship of widely scattered areas of paling to the injury, and in fact it appears that loss of nervecells rarely occurs except in relation to haemorrhages. While the bruised area is, as has been shown, completely absorbed, the nerve-cells in its neighbourhood survive, and when examined after a lapse of time are quite normal. It would appear, therefore, that the nerve-cells are not much more easily damaged by trauma than are the walls of the capillaries.
Is there then any more evidence of damage to axis cylinders and myelin? It has been seen that the axis cylinders may be broken across either in the cortex or the underlying white matter, but this also appears to be a very local effect. The myelin also suffers, but we have evidence that this is rather a secondary result of cedema than a primary damage. But although histological study has not yet told us why a blow on the head produces certain symptoms, it has, I think, given us some idea of what happens in the brain tissue at the moment of the blow. Further, when we compare the histological effects of brain injury with those of natural or experimental disease, we are better able to form an opinion on the various theories which have been advanced.
THEORIES OF CONCUTSSION
These theories may be divided into the vascular, the humoral, and the mechanical. Of the vascular theories, that which holds most vogue in this country is Trotter's modification of Kocher's theory. According to this theory deformation of the skull must always result in reduction in its cubic capacitv. This causes a sudden expression of blood from the capillaries of the brain resulting in an equally sudden anmemia and loss of function of the nerve-cells. To this theory there are several objections. In the first place the sudden pressure resulting from a blow on the forehead or occiput might be supposed to increase rather than diminish the cranial capacity by making its shape approximate more closely to that of a sphere. And yet both with such blows and with the knockout blow of boxing, which probably does not cause any change in size of the supratentorial space, unconsciousness is as sudden as in lateral blows on the cranial box. There is also no evidence at all that so temporary an emptying of capillaries, even if it occurs, will cause loss of function of nerve-cells. Injections of thorotrast into the internal carotid artery deprive a large area of the capillary bed of blood for almost a second, but do not usually cause any loss of function of the area involved. No doubt sudden loss of consciousness may follow continued anoxoemia of nerve-cells, as in the observations of Lennox and the Gibbs in which consciousness was lost abruptly six to eight seconds after the heart had stopped beating. But it seems unlikely that nerve-cells would suffer from anoxaemia after so momentary a deprivation of blood as is postulated in Kocher's theory.
Humoral theories-.Let us pass then to the theories, of which Duret's is the classical example, which hold that the phenomena of concussion are due to a wave of cerebrospinal fluid being driven from the lateral ventricles towards the foramen magnum. This theory has been strongly supported by Berner in recent years, and if the hypothesis on which it is based could be substantiated it would be attractive. These are, first, that a sudden blow on the skull could cause a wave of fluid to pass towards the foramen magnum at such pressure as to deform the walls of the 3rd and 4th ventricles and the iter of Sylvius, and secondly that the deformation of these areas could cause the clinical picture of concussion. That is to say that unconsciousness might be caused by sudden insults to the thalamus, the hypothalamus, or the brain-stem. It is of course held by many, with considerable justification, that the sudden temporary fall in blood-pressure, the vagus pulse, and the changes in or cessation of respiration which follow blows on the head, result from disturbance of medullary centres. And it would seem possible that a sudden deformation by a wave of cerebrospinal fluid acting on the sides of the thalamus or the genu of the internal capsule might produce loss of consciousness. But even Berner, the strongest modern protagonist of this theory, has been unable to produce evidence that such a wave occurs. If it did Ne should expect it to tear the walls of the iter of Sylvius, as well as to produce haemorrhages round them. No one will dispute the frequency of small pontine haemorrhages and dilatation of small vessels in the pons in cases of head injury, but it is very difficult to understand how those in the ventral half of the pons can be caused according to Duret's hypothesis. There is the possibility also that some of these do not occur at the time of the accident, but are related to later alterations of intracranial pressure.
As regards the walls of the lateral ventricles, small tears are more common and haemorrhages perhaps less so (Gierlich) . The demyelination round the anterior horns which has been described could also be made to fit in with Duret's hypothesis, and if it is modified to some extent it might explain them. The laws governing stress and strain between the brain tissue and the cerebrospinal fluid in the ventricles at the time of a blow on the head are a fit subject for research by physicists, who will no doubt before long give us a final answer to this question.
The theories of a direct mechanical effect on the nervous tissues may be divided into:
(1) The compression theory of Sauerbruch and Breslauer.
(2) The vibration theory of Marinesco.
(3) The theory of deformation and stretching.
(1) The compression theory appears to be both incomplete and unsatisfactory. No doubt the bruising immediately under the point of impact may be caused by compression of tissues, but what of the contrecoup bruising ? If the skull is more rigid and less easily moulded than the brain one would expect a negative pressure at the point of contrecoup. It has even been suggested that this negative pressure acting on the arterioles and capillaries from without makes them less able to withstand the pressure inside them and leads to their rupture. The compression theory is also shown to be unsatisfactory by the very local character of the lesions to the cortex under the point of impact. If sudden compression of nerve-cells may cause their death it seems unlikely that the transition from an area of complete necrosis of cortex to one in which the nerve-cells are quite healthy would be as abrupt as it is.
Blows on nerve-trunks may certainly cause temporary loss of conduction, and it is quite possible that this effect is produced by sudden severe compression. But a 8 50 local severe compression of a limited area of cortex is unlikely to produce either sudden loss of consciousness or more remote effects such as the disturbances of the vegetative nervous system which are so common in head injuries. To avoid this dilemma Breslauer postulated that the compression of the brain under the point of impact pushed the brain towards the foramen magnum and so affected the medulla indirectly.
(2) Marinesco's vibration theory is founded on the work of Meltzer, who killed bacterial cultures by vibration and on experiments of his own in which he produced physico-chemical changes in colloids by vibration. Its importance seems to depend on the answer to the question " How is the force of a blow transmitted through a gelatinous medium such as brain tissue ? " If it produces a rapid succession of waves of high and low pressure spreading out from the point of impact this could fairly be called " vibration ". But histological study does not support the view that the effects of the blow radiate from a centre; they are widespread but focal, affecting the walls of the ventricles and the pons almost as much as that part of the cortex which underlies the point of impact.
(3) The theory of deformation and stretching seems to me to fit in best with the known facts. This theory supposes that the alterations in the shape of the brain which result from a blow on the head produce sudden stretching of nerve-fibres and other tissues, especially blood-vessels, not only under the point of impact but at various places in the brain especially where its movement is resisted by dural septa such as the falx and tentorium, or by the bony ridges of the base of the skull. This theory is no easier to prove than the others, but it does account for the widespread, apparently random, effects of injuries on the brain, for the tearing of blood-vessels, and for the disturbances of the vegetative nervous system. To be satisfactory it must also account for such effects as cedema and the local or more widespread dilatation of blood-vessels to which attention has been drawn by many writers.
These effects may be considered to result from lesions of the walls of arterioles and capillaries of such minor degree as not to rupture them. Stretching a small vessel may well damage its endothelial lining and, if it also damages the local contractile mechanism by which the cerebral arterioles react to changes in internal pressure, the vessels will lose their normal tone and remain dilated, whatever the pressure inside them may be. This theory was put forward by Knauer and Enderlen to account for the increased flow in the internal jugular vein which they found after experimental head injuries, and it has received recent support from the work of Fog who has conclusively proved the presence of this local contractile mechanism. It seems a more satisfactory way of accounting for dilatation of vessels than Ricker's theory of traumatic paralysis of vasomotor nerves.
A local dilatation of arterioles and capillaries, especially if associated with some damage to their endothelial lining, also seems a satisfactory explanation for cedema. The other possible cause for cedema is that the deformation of nerve-fibres or stretching of other tissues results in the formation of metabolites which make the walls of the capillaries more permeable. The only evidence in support of this theory is the observation of Knauer and Enderlen that the brain tissue near the area of impact became acid to litmus. Both processes may of course be at work in traumatic cedema as well as in the cedema round cerebral tumours and abscesses.
It is well known that bruising is much more easily caused in some individuals than others, and that it varies in different conditions of health. If this is also true of the cerebral blood-vessels it explains why minor cerebral injuries may sometimes result in unexpectedly severe vascular lesions in the brain. Another factor may play a part in traumatic cerebral haemorrhage, especially when it occurs in the pons. Moore and Stern have recently emphasized the frequency with which pontine hammorrhage occurs in cerebral tumours, and have related it to a rapid increase in supratentorial pressure often associated with uncinate herniation. The reactionary rise of pressure within the cranium after head injuries, whether associated with hoemorrhage or cedema, may well have the same effect. Certainly the pontine hmemorrhages in cases of head injury on which Berner has laid so much emphasis do not appear to differ in any respect from those associated with cerebral tumours.
Among the most interesting effects of head injury are the immediate and delayed alterations in the vegetative functions. These have been recently studied by Kat, who has found the initial vagus pulse to be followed by a later lability of the pulserate and disturbance of its day-night ratio. He has also frequently found an early transient rise in the level of the blood-sugar. These effects suggest a lesion at the level of the hypothalamus.
The cause of loss of consciousness remains conjectural. We can only define consciousness in terms of reaction to stimuli, but when looked at from this point of view the seat of consciousness, if there be oae, does not appear to lie in the cerebral cortex. This can be removed in cats without the loss of those reactions which we associate with consciousness, and large parts of the cortex can be removed in man without even transient loss of consciousness. There are also cases -of head injury in which temporary loss of certain cortical functions, e.g. hemianopia, or loss of memory, occur without any initial loss of consciousness.
In cases of lesions of the brain-stem unconsciousness seems more likely to occur the nearer the lesion approaches the thalamus, so that both in experiments and in clinical experience the state of consciousness appears to be centred on the thalamus. This does not necessarily mean that it has a centre in the thalamus as Penfield has recently suggested, although that may be true. This brings us to the hypothesis that unconsciousness in head injuries may well be caused by a sudden deformation or stretching of important fibre tracts passing to or from the thalamus.
These effects on the thalamus and hypothalamus or the tracts passing from them might perhaps be caused by a wave of cerebrospinal fluid pressing against the wall of the 3rd ventricle. But it seems more probable that they are due to a sudden displacement of the cerebral hemispheres in relation to the incisura tentorii deforming or stretching the connexions of the hemispheres with the brain-stem.
